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COMPUTER-ASSISTED. PROGRAMMED TEXT, AND LECTURE MODES OF
INSTRUCTION IN THREE MEDICAL TRAINING COURSES:

COMPARATIVE EVALUATION

L INTRODUC'tlN

Comparative analyses of the differential effectiveness of computer-assisted instruction (CAI).
programmed instructional text (PIT), and lecture methods of instruction in field settings have been
sparse and sometimes eq- ivocal (Dallman & DeLeo, 1977; Dare, 1975; Keesler AFB, 1974).
Presently, it is not known whether one instructional method is more effective than another for
certain kinds of students confronted by different tasks nor the degree of effectiveness. Rather, it is

assumed that (a) learners possess and employ to a similar degree the same characteristics for
processing information and (b) instructional methods/media are equally effective for differenwt kinds
of tasks and students despite the vast literature on individual differences and task difficulty.

This report attempts to provide information in the medical training area on the following
questions: (a) Do CAI, PIT, and lecture differ in instructional effectiveness? and (b) Under what
conditions are CAl. PIT, and lecture differentially effective?

Objectives

The major objectives of this field study were to compare CAI with lecture and PIT modes of
instruction on dimensions of (a) instructional effectiveness, (b) time-savings, and (c) student
acceptance. Additionally, pre-course assessment measures were used to attempt to identify the
characteristics (e.g.. aptitude, biographical data, and attitudes) of learners for whom CAl. PIT and
lecture modes of instruction might be differentially effective in segments of three different training
courses for medical technicians.

IL ME1IhOD

Students

Three medical training courses (Medical Laboratory..Radiology. and Dental Assistant) were
selected to provide a range of learner characteristics and course content suitable for generalizing
results to students in medical courses of comparable difficulty. The Medical Laboratory course
represented a difficult course requiring a relatively high aptitude level. Radiology' and Dental
courses, respectively, corresponded to average and 62w difficulty courses, with corresponding
aptitude'levels. The student smple during formative and summative evaluation consisted of 700.
mn sle and female trainees assigned to the Air Force School of Health Care Sciences t -Sheppard A FB.
The CAl delivery system used was the PLATO-IV interactive Plasma Panel terminal connected to a
main frame at the Center for Education Research Laboratory (CERL). University of Illinois.
Champaign-Urbana via telephone line. The programming language used in PLATO was TUTOR. a
language providing realtime author editing as well as CAI delivery. Instructional materials from each
of the courses were developed in CAl formats by on-site experts trained in TUTOR.

Pm-Course Measufts

Based upon training task analyses in each course, selected pre-course learner characteristics

measures were developed and administered via automated slide-tape to all students prior to course,
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entry. rhese measures include (a)'the medical version of the Defta Reading Vocabulary (r, =.88)

(L)eignan. 1973). (b) the General Aptitude Index from the Armed Services Vocational Aptitude

Battery (ASVAB) (r, =.87), and,(() the memory (ry =.66). visualization (r =.77). and.

biographical measures from the Delta Training Aptitude Battery (l)eignan. 1976).1n addition to

validity studies of the Delta currently in progress in both military and civilian environments.

previous studies. (Collins. i)ansereau. Hiolley. Mclonald. & Garland. 1978: l)ansereau.et. al.. 1973.
1975. 1978: Deignan & Duncan. 1977,: Diekhoff. 1977: Mc'oombs. Deignan. & Siering. 1975:

Moore. 1975: and Long. 1976) have reported predictive validities ranging from r =.45 to r =.75 in

studies employing university or military students from a variety of courses. Measures were

administer-d prior to course entry to aid CAl authors in the development and formative evaluation

of instruc:.ional material appropriate to the target population in each course. These control measures

were subsequently used to assist summatative evaluation in terms of explaining. interpreting, and

generalizing comparative performance results.

Materials Development Proeedure

Prior to CAl lesson development, prediction of course criterion achievement from pre-course
learner characteristics was accomplished by means of multiple regression analyses. By
trichotonmizing the distribution of the highest aptitude predictor of achievement (lelta Reading
Vocabulary). low. middle, and high aptitude groups were formed for each course. Criterion-related
learner characteristics 'were used to assist CAI authors in the initial development of instructional
materials and strategies appropriate to the target population in each course. Hence. CAl materials
development and validation were based upon a student protile ol characteristics known to be related
to course achievement. This approach. therefore. prepared authors for the range of learner skills.
aptitudes. and attitudes for which instruction was intended. Likewise. pre-course learner
characteristics information suggested how authors might best design (Al lessons and branches to
cope with such factors as: (a) deficient reading skills. (bW concentration-retention capabilities. (W)
learner strategies for processing information, and (d) initial motivational level. Similarly. to assist
formative evaluation. all CAl students in the three courses were administered an on-line attitude
survey which contained Likert-type items with response alternatives ranging from highly
,nfavorable (e) to highly favorable (a).

Fomsaive Evaluation

Formative evaluation consisted of ar. experimental period of initial instructional materials
developmeat characterized by lesson and. test development, materials tryout, and subsequent
instructional revision. Small numbers of students were administered newly de,:eloped lessons to
provide (CAi authors with'student attitudes toward (AL. Following small group lesson revision, large
group pilot studies were conducted oh representative .samples of students from each course: (a) to
ensure Iessons satisfactorily supported attainment of instructional objectives. (WY to provide.
preliminary statistical data on representative student performance. e.g.. achievement scores. time to.
completion. and embedded lesson test item statistics keyed to ipecific instructional lesson segments.

and (c) to further individualize instruction by such means as compensatory branches. additional drill
and practice or examples. and graphic simulations.

Summative Evaluaion

In contrast to formative evaluation. summative evaluation initiated a period in which all
instructional materials, procedures. and evaluation' measures remained constant. Comparison
between CAI and non4>:Al delivery (lecture or PIT) was made on identical instructional objectives

- ft0



and criterion measures (Table 1). Criterion measures included post-instructional measures of
achievement elapsed time to complete instrurtion and attitudes toward (CNI, PIT, and lecture. One
hundred students were programmed for assignment toceach CAI and non-kAi control condition in
each course during summative evaluation. In Some analyses, the sample size was les% than l40t0
subjects per condition because some students lacked complete data on pre-course assessment and/or
criterion data.

"Table i. Sample Cell Size by, Course, Tmaanent and Apttude Levels

"In'm hit{, Ill 1ttiiummh" -- l, tn himen

Coure N. IVow Middle Hligh

Medical Lab
CAI 93 34 36 26
Lecture 98. 30 36 32

Radiology
CAI 97 34 33 20
PIT 89 24 30 15

Dental
CAI 101 30 28 21
Lecture 52 . 7 7 9

"aThe sum of the cells in each row does not equal the total treatment N due to the exclusion of students who were not

administered the pre-ourmse assessment measures.

Major statistical analyses included: (a) multiple regression analyses conducted to predict !earne,'
performance. (b) 2 x 3 analyses of variance conducted to investigate treatment (CAl. lecture, and
PIT) and aptitude effects, to include possible interactions between treatments and aptitude levels.
and (c) discriminant analyses of high-fast and low-slow achievers in each treatmert to determine the
characteristics of learners for whom CAl. PIT, and lecture were effective.

RL RE5ULTS

To compare within-course CAI and non-CAl Instructional effects at low, middle. and high reading
vocabulary aptitude levels, 2 x 3 analyses of variance were performed in each course separately. To
compare time-to-completion differences between constant time lecture treatments and'variable time
CAI treatments, the standard error of the difference scores at each aptitude level was dttermined to
he the appropriate statistical analysis (Pennell. 1978). Appendix A' includes the achievement cell
mean (X) and the standard deviation (Sd) by aptitude, treatment, and course. Appendix B includes
the time-to-completion cell X and Sd by aptitude, treatment, and course. Appendix C includes the
overall main effect X and Sd independent of aptitude.

Medical Laboratory

In the Medical Laboratory course, the 2 x 3 analysis of varianceof achievement scores, as shown in
Table 2, revealed significant main effects for both treatments, F(0,177) =154.51, p e.001. and
aptitude, F(2,177) =5.41, p <0l. Graphic illustration of the data is shown in Figure 1.

7
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Figure 1. Medical Laboratory achievement as a finction of ptitude
level and CAI vs. lecture conditions.
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Inspection of Figure I reveals the average achievement of CAI students was 18 percentage points
higher. t(.53) =5.21. -) 1 .001. than lecture controls at the !ow aptituude le-iel. Similar CAI
achievement superiority in comparison to Medical Laboratory lecture controls wa! also reflected at
the middle aptitude (88% vs 75% ). t(l.71) =4 .14. p ;E.001.and high aptitude levels (92% vs 79% ).
(1.57) =3.40, p .00 1.

Time-to-completion difference scores (Table 3) between Medical Laboratory lecture and each
CA I aptitude level revealed significant differt nees in favor of CAl at the mid (t( 1.70) =2.31. p -i 02)
and high aptitude CAl levels. ;(l.56) =7.84. p e.001. The time difference at the low aptitude level
was not significant. However. as noted above, the achievement of the low aptitude CAl students was
significantly better than their lecture controls. In fact. as shown in Figure 1. the average achievement
of the low aptitude CAI students is higher than that of both the mid and high aptitude lecture
students. Thus. it is probable that if all groups had been trained to the same citerion le-,el. there
would have been a significant time savings in favor of CAI at all levels.

The CAl-lecture treatment by aptitude time difference scores shown in Figure 2 indicated CAl
time savings exceeded 11% at the mid and 33% at the high aptitude levels within the Medical
Laboratory coui-e.

Table .3. The Grand Mean of Difference Scores and the Standard Error
of the Diffene'nce Scores to Test the Difference between Lecture

Tune to Complete (a constant of 540) and CAI Tune to Complete
Instruction at Three Aptitude Levels in the Medical Lab Course

S= 76.000 Low Aptitude Timc Difference -32.0476
Sd =226.091 Middle Aptitude Time Differe.ne = 56.6410
Se = 24.523 High iptitude Time Difference = 192.3077
n = 86 CAI

t (Low apt) =1.31
t' (Mid apt) =2.31"

t =76/24.523 t (High apt) =7.84***
t =3.10"*

.*n •.II,5. •

**p •.IhI.

Radiology

The 2 x 3 analysis of variance of achieveme nt scores within the Radiolog' cours, is shown in
Table 4. In addition to 2 3tatistically significa-it aptitude main effect. 112.149) =0.26. p : .01. a
significant CAI-PIT treatment x aptitude interaution. F(2.149) --. 22. p •.001. was found. Hlowever.
the CAI vs. PIT main effect comparison was not significant (p -cI7M.

Inspection of the interackion shown in Fig re • revealed iov aptitude (Al studentsrsored 7
percentage points higher, t(1 57) =2.50. p •A)1 in at'hievement-than did low iptitude PIT students.
No statistically significant treatment difference were found at the middle aptitude level: howi-ver.
high aptitude CAI achievement was 9 percenta points greater. r(l.20) =2.70. p : .01 than high
aptitude PIT controls.

"m- .p



- ~---vxeý-

200

1801
160-

140

120

100

6 0
401-

w -20 -

4---40

fix --60
o -80.z
4 -100

0 -1206

-14

-160

LOW MID NIGH

DELTA READING !JOCASULARY

Figure 2. MedicalLabtbmknr-V CAI time to rompler&.n differnces
frnm the X ss a fuisnctn of rrading voeabuiaj level.

Tabie 1,' %4ijl%%sN olf %~ariah(e* Elf Achwieimirnt Score% fo~r PIT4.At
TPatew and4 Aptlutife IAWIe C~indititpism in the Rjdapontp Co~umei

P FjlI*s (~ 12.71114)Ir :1.31
Spiav(11) 2 Ib61.7 Ih 8111.8.-M6.1

Ia luhn IP 1.11221.188 2M

2I 1 1 *



91

88 .CAI

86.5 88.s

4:- 8 .. -

82 831 84.

Cr"U. 79 "N

w / 1 i.5 PIT

76 "76.6
73

OW MID HtGH

DELTA READING VOCABULARY APTITUDE

Iigure .3. Radiolok.y achirvement a& a funebcon of aplitude k,-rui
and (CAI vo. Prreonditions.

In Tabl 3. 2 % 3 ana|,.. of %ariance of time-to.-'omplete instruction in the Hadiohlg. ,our-.

reavral•d a %ignifiant main effe-ct for aplitue. "(1.| 13) M=9.3. p ;.ANII. add a significant c %i-PIr
treatment x aptittude interaction. H(2.1 t TJ) = b.9. p r E .1.1. The main rffec't ffor treatment

approached. hut du•d not reach. significance (p i.ti9).

TzbI5. 5. Anahdla oflananfe of Tune in Complete Istardomn firPIT-CA
Tieatmenb and Aptitude Le'el Condition* in thu. Padiol••gy Course

sum oef Mean
Soumve df Squaws Squarr F

Main Eefkr
CAI vs. PIT ( ) I I. 131.71,1t 16.t33.7,11 2.81
Aptitude () 2 .1)05.10 t.28 2 81,2. 73,2. 11t2
, . B Interactions 2 77.317.-75 38.633.738 6.69.

Within I to? 860.78.9 ."7 -.777.080

Total 15t 1.071.381.510

Low aptitude C I students demýonstrated a 1 7 % savitig- in time to complete instrurtion. t(I.33) -

2.33. p s .02. when compared to their low aptitude PIT counterpa- .. as depicted in Figure 1. The
tendinrnu of high aptitude 4 %1 students to progtre, faster'than high aptitude PIT s•tudents was not
statistically significant. a(I.3b) -1.65. p 4 .12. This result may in part be due to the greater

I..
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Figure 4. Radiology time to completion as a funct~on
of aptitude level and CAI vs. PIT conditions.

cornpletion time variance of the PIT students (Sd -86.89) in cromparison to CAl student (Sd
W104 variance. (However, here again. the CAI time savings probably would have been significant

had the level of Achievement been controlled.)

Dental Cotrse

IDental course 2 x 3 ans!y~is of variancr of achievemen~t is reported in Table 6. Only the main
effect for aptitude level was statistically significant. F(2.96) -7.318 . p ~O

Graphic representation of the D~ental CAl-lecture treatmrnt by aptitude level effects shown in
.Figure 5 revealed that low aptitude CAI students tended to swore 7 percentage points higher than low
aptitude lecture controls. Due to the joint efects of moderate ach~ievement criterion reliability (r Y
.58) and 12ck of low aptitude-criterion score matches, the small sample (N -7) at the low aptitude~
lecture level in contrast to the low aptitude CAlI sample size (N -30) may have precluded statistical
significani-e. t01.35) -1.27 .-p se.2l.
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Table 6. Analysis ofVarianice ofAchievementSeous for
CAI-Lecture Treatments and Aptitude Level Coqditions

in the Dental Course

Sui••of Mean
oue df Sq i squaw F

Main Eff cts
C(Al vs. L.ecturr (A) 1 66.09 66.69 .12

..Aptitode (14) 2 2.336. W 1-168.25 7.38*

A + B Interaction 2 271.23 13..61 '.S6
W ithin 96 15.178.51 158.1

Total 101 I 7.7 96.08 176.20
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,u 81 , 'LECTURE

0
U. 78

72 CAI
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DELTA READING VOCABULARY APTITUDE

Figure 5. Dental achieveuent mas a hanctio ,-pdtude

level and CAI vs. leemne condidioe.
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A aalvsis of tint -( Table 7) to complete instruction within the Dental course resulted in statisticalIy
significant differences in time at each aptitude lev,'l. Examination of time to completion (Figure 0)
revealed high aptitude CAl students completed instruction in 29% less time. t(0.30) =13.52. p :
.001). middle aptitude students in 155% less •ime. t(1.3-) =7.38. p E.O0l. and low aptitude students
in 9% less time. t(1.36) =3 .8 1.p r-..031 than lecture controls.

Table 7. The Grand Mean of Difference Seonrs and the Standard Ermi-
of the Differnce Scores to Test the Differenee between Lecturý
Tune to Complete Instruction (a constant of 5-0) and CAI Tune

to Complete Instructon at AD Aptitude Levels in the
Dental Course

= 86.6962 Low Aptitude Time L)Dfference 43.1667
S'd =100.6172 Middle Aptitude' Time Difference = 83.5711.
Se = 11.3203 High Aptitude Time l)ifference = 153.0476
n = 79 C(AI

I (Low apt) = 3.81"
I (Nid apt) = 7.38*

S=86.60962/11.321)3 I (ifigh apt) = 13.52'
= 7.660
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A~dditional LeamerChaweeunristfc Variables

In additiloni to readling '.ovalmlar,~d. alcicteacle. lore-f(PursoP efleaservý iol mcin i dlatio. vl-votwvvueeoi.

cog) ll e l I~.leame r~i a .giprelf-c*re' ii, for 1croessin~ tg enfoernat ice and ci e' avi lo'I .iogra piecal d iat a
% ere e'~pe'cte d to [to- relat .d it) achie el ineeil and cinw11 -locom~ IIpli-tv i c cctirmlcot . ki-voerel ingI i moclii ii.

stewim re'gression anal~w be lcie'I~en aelcec'. e'lc'ill and jorew'ccirwe Learner craararie'ri~lo its vnearla
coeurse %%e re' eocnlurcled adol e'rocý-'.aliije 'lv.

'Aithin thc' II cdival L~abocrateer'. ecur,.e. the 4 hie' '.aiialslc', 1crilrc'lmcic' of aclcmc'~entcent ol iildedeee
reading icoralular%. moincteal ion ti'. cl' a~.flrali cn Iceahc..4 ei-sci'jt anac lc'arneer Atrale'gec'
foer pcrocessi ng in fcc mmat je). ( H =.6f. 1) ;;E.000 i. ( rcc.-%.at datceHcli e'oit ten motitp 1 le' ee rcela ISeio oni ail

t ~~~i ndc'p'r~dcnt. helekeug '.ain jele'rce'alede litiliehrsinkage' H=~ l ~ t4

F igurme 7, dep;irl. C %I an 1i c leci e c'ae' ii ie'eni cl e'ecfc' eliffere'nei-e' a, a hacioie meeecf I realmo-ie i and
Ie'arnc'r strate'g' prf-fe're'nve, foir ;crove'i~ng infocrmatiocn t;% reow. intage'r% fir %erbmlal pcaraphlrasing.
% nal'.sis of '.aemanve' oif achiev'e'iceiement6r dilc'Cre'nves' remieltc'e in mtatbislall'. signi Iiram mi ia in c'ffvvei

fecr treatmce'nt. H (1.1 76) =ec p.2 If E.0114I and si ratc'gy portfe'renve'~. H 2.1 6) =3.12. If Qý Th5 'ec
gre'ale'st cliffer'rienec in ach ir''.eme'ni blcc't e C'ce \1 and lecturIerm cenl rccls Aj a eblainc'cl b%' I.'irneer, lice
p re'fexrrc' i mage'r% . I n hiii i 'e'. [he' ae'hi,''.e'm c't cclfthe'C % I groupe v~e'fcc''el', thiate of ig s vcereie'clil~ing
Ieet litre' groc p lc% 14) pe'rvc nwIage' p. cm t . Vs noeed in Figure 7e . 4: \ I rccle learners' r~f et-dedeeecc I Ice'
achiev.eme'nt of lerwtere' rcnlreeIs bi I T pcervienlagc poinuts. w h'rc'a% C Il lc'arneer lice precferrmced %erlal
pcaraphrasinig e'\c'eI'l le''t flume' countemncrpart, lIf 12 perc'entuage' point%..
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Variables predictive of time to completion in the Medical Laboratory course included reading

vocabularv. self-reliance, field independcnce. self-concept. memory. and learner strategy preferences

(R =.65. p :E.00)0). Validation of the multiple correlation on an independent sample produced slight

shrinkage in the cross-validation group (R =.61. p ; .001). One of s,.veral learner characteristics

found significantly related to time savings included self-concept measures from the Delta

Biographical Inventory. Time-to-completion differences between CAI and lecture as a function of

low. middle. and high self-concept are shown in Figure 8.
ti
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Figure 8. CAI time In completorn differences fiorm the X,
as q ifnction ofself-cone,;pt level'in tde

Medical Laboratory course.

Time to completion as a'function of treatment and setf-conc-pt is shown in Figure 8. High self.

concept CAi students completed instruction in 32% less time. t(I.20) -. ,.04. p s.0001.Oasa function
of CAI than did Medical' Laboratory lecture controls.

Within the Radiology course, learner characteristics predictive of achievement included reading
vocabulary, memory, 1-vel of achievement aspiration, independence, learner strategy preferences.
and attitudes toward reading (B -. 65, p E.O01).'Cross-validation of the multiple correlation on the
hold-out group indicated some shrinkage, (R -. 49, p A.001), in predicting an achievement criterion
of muderate reliability ; -. 56). Figure 9 depicts :re•.nent achievement score differences as a
functio, of three levels of achievement aspiration.
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Figure 9. Radiology achievement as a function of level of aspiration
and CAI vs. PIT conditions.

Statistically significant main effects were obtained for the CAI-PIT treatment, F(1,134) =4.95.p ;
.05, and achievement motivation factors, F(2,134) =3.95, p -. 05. Low achievement aspiration CAl
students exceeded the achievement of low aspiration PIT students by 6 percentage points, t(1,36) =

1,79, p ;.05, as shown in Figure 9.

Learner characteristics predictive of Radiology time to completion included reading vocabulary.
memory, self-estimates of memory, self-reliance, self-concept, and learner strategy preference (R =
60, p A .001). Shrinkage of the multiple correlation was acceptable, (R -. 54. p ; .001). One of
several learner characteristics found related to completion time was learner self-estimates of memory
when confronted with lengthy or complex material, as shown in Figure 10.

* Analysis of variance of time as a function of treatment and learner self-estimates of memory
resulted in statistically significant main effects for treatment. F(I.137) -6.30. p e.01. and memory.
F(2,137) =7.10, p -. 001. Average memory CAI students completed instruction in 20% less time
-than PIT counterparts as shown in Figure 10.

Dental course learner characteristics predictive of achievement included reading vocakulary.
memory, achievement aspiration. self-concept. learner strategy preferences. and ordinal birth rank
in one's family (R -. 67, p e001). Shrinkage of the multiple correlation was acceptable (R -. 60. p z
.001). Similarly. variables predictive of time to completion included reading vocabulary.
achievement aspiration. self-concept. and learner strategy prefer-nces (R -. 68. p ; .001). Cross-
validation yielded slight shrinkage (R -. 62. p e.001. Accordingly. Figure 1 graphically displays
time-to-completion differences as a function of treatment and three levels of achievement aspiration:
low,' middle, and high levels of aspiration prior to assignment to CAl or lecture conditions.
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Dentpl course time to completion revealed statistically significant effects for CAl-lecture
treatments and motivation. As shown in Figure 11, high aspiration CAT students completed
instruction in 23% less time. t( 1,38) =9.13. p z.005, than did lecture controls.

To summarize briefly, in addition to reading vocabulary aptitude, learner characteristics (e.g.. self-
concept, motivation, independence, and learner strategy preferences) were demonstrated to be
significantly related to achievement and time savings in the three courses. Foremost among these
learner characteristics from the standpoint of consistent relationships to differential performance
was the motivational variable of achievement aspiration.

Comparative Failure Rates

Average failure rate in the three courses during the year prior to CAl intervention was moderately
(22% ) high. Indeed, one of the factors considered in course select;on included course difficulty
indices as reflected by average achievement attrition and failure rate. Failure rate in the present
context was defined as the number of first attempt failures on the achievement test.

C-)mparative failure rates between CAI (2% ) and PIT (14.9% ) within the Radiology course were
statistically significant, X21 =7.77, p ;;.01. Failure rates between CAI and lecture in the Medical
Laboratory and Dental courses were not significantly different.

Student Atitudes

Student attitudes toward CAI prior to, during, and immediately after CAl. as gathered by the on-
line scale, was, on the average, favorable and significantly different. t(1,385) =8.61. p ;.001 from
neutral as shown in Figure 12. It is noted that no significant change in attitude was obtained at the
pre, interim, or post-CAl, on-line measurement points.
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In contrast. statistically significant attitude items obtained from the Delta Post-lnstructional
\ttitude Questionnaire administered to CA I. PIT. and lecture students approximately I week aftet
*nstruction re•ealed some interesting attitudinal comlrarisons as a function of experiencing CAI and
gon-4: %I treatment conditions. Significantly more (O, =15.32. p e.000 CAi students (50%) than
controls (25%ý, ) lend,.:! to disagree with the statement that listening to a lecture was generally a hetter
way to learn than reading self-paced materials. In contrast. significantly (JI =1 2 .5 3 . p z.J04)Y more
CAI students (72`0 ) than controls (51% ) agreed they were motivated by the opportunity to
complete instruction as quickly as possible. likewise. significantly more (Oi -23.83. p E.001 ) CAAI
sludents (77o. ) than controls (31", ) felt ;they did a lot more doing than listening during
instruction." I'hough a greater percentage (57"% ) of the contrlrs agreed they needed more
opportunities to practice what they were learning. significantly (X2 =6.91 p E .05) fewer (44%
(AI students agreed more practicewas needed. Addi!ionallv. significantlv more "I =6.63. p1).05)
CAI students (89% ) than controls (77% ) agreed they learned best when a variety of visual examples
were provided.

In comparing student attitudes toward alternative delverv svstems (CAl. PIT. and lecture). the
followingdata were obtained: 67% of the CAI students asopposed to 11% of the controls agreed that
CAl. compared to lectures, was less boring (Ji =63.69. p E .001) than lectures. Comparison of
student attitudes toward C(AI as opposed to PIT. indicated CAI was perceived as less boring.(61% )
than programmed text (19% ) (J1 =39.26. p ;e.001). To complete attitudinal comparisons among
instructional delivery alternatives, significantly (X21 = 1.3.86. p e .01) more (57% ) CAI students
than control (30% ) agreed with the statement that lectures were more boring than programmed
text.* However. it is noteworthy that more CAI students (78% ) than controls (55% ) agreed that
CAI might be best used to teach basic material: whereas. 'live" instructors should be used, to lead
seminar discussion groups to, increase student understanding of critical subject matter (x% =12.82. p
e.002).

Analysis of post-instructional student attitudes within the CAI group solely, revealed a greater
pere!entage (56% ) of CAI students agreled than iisagreed (32% ) that it was more interesting to be
taught by CAI than classroom lecture (Xl =t-.88. p ; .05). Considering that only 21% of the
students expected CAI to be more interesting than lecture prior, to assignment to (AI or non-CAl
conditions. significant positive attitude change toward CAI as function of CAI experience was
demonstrated (6 I =26.91 p -.00,I).

Moreover. a greater percentage of the CAI students agreed (58% ) than disagreed'(23M, ) that
lessons were successfu11. completed faster at their own pace ui der CAi than under conventional
classroom conditions (Vt1 =i0.9 3 . p e.02). The majority of CAI students (74%) also perceived that
computer administered achievement tests were equally fair for al students (J 1 =20.93. p e.0 ) due
to computer objectivity. Interpretation of attitudinal results w thin the context of CAl/non-CAI
conditions is deferred to the Discussion section of this report.

IV. DSCUSSION

To answer the question of whether CAI is instructionallvy more effective than PIT or lecture.
independent of aptitude level, data were obtained (Appendix C which supported the comparative
instructional effectiveness of CAI in two of three courses in whi -h CAI and non-CAl. students were
compared to identical instructional objectives. Overall, CAI stui ent achievement exceeded student
achievement mediated by (a) lecture by 13 percentage points and (b)'PIT by 3 percentage points. In
terms of comparative learning time independent of aptitude.,CAI students averageJ 12% to 17% Ilss
time than lecture or PIT students. Thus, if one were interested only in overall comparative
instructional effectiveness (disi'egarding aptitude level in courses and for students comparable to
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those employed in the present study), CAI is concluded to be more instrilutionally efficient than
lecture or PIT in the Medical Laboratory and Radiology courses. Witnin the Dental course, no
significant difference between CAI and lecture achievement was found: ihowever. a 17% CAI time
savings was obtained. To provide empirical data on the question of whether CAI, lecture, and
programmed text differ in instructional effectiveness as a function of aptitude level, treatment by
aptitude level comparisons were made. Results revealed that CAI yielded greater achievement and
time savings than non-CAI at certain aptitude levels. Thus, the evidence affords an empirical basis
for decisions pertaining to choices among alternative instructional modes based upon differences in
instructional effectiveness and time savings.

Medical Laboratory

Within the Medical Laboratory course. CA I student achievement substantially exceede" M edical

Laboratory lecture controls at all reading vocabulary aptitude levels. At the low aptitude hivel. CAI
students excelled lecture controls by 18 percentage points. Probability of first attempt failure was
extremely low (p =.001) for CAI students, as well as for lecture controls (p =.03).

In contrasz to achievement findings, learner time to completion as a function of aptitude level
revealed time savings exceeded 33% at the high aptitude level. Time to completion differences at the
mid-aptitude level revealed an 11% CAI time savings, but no statistically significant time difference
at the low aptitude level, compared to lecture controls. As noted previously. since CAl achievement
was higher than lecture at all levels of reading aptitude. the obtained CAI time scores probably are
much higher than required to reach a level of achievement equal to the lecture means.

Radiology

Achievement differences between CAI and PIT were shown to be related to aptitude level in the
Radiology course. Both high and low aptitude CAI students achieved higher average scores than
their high and' low aptitude PIT counterparts. The effects of boredom may be one possible
explanation of- the lower-than-expected performance of PIT students compared to CAI students at.
the high aptitude level. Indeed, post-instructional attitudinal data indicated the majority of students
perceived programmed text to be more boring than CAl. It is important to emphasize that
programmed text had been the nhajor instructional device employed in the last few weeks preceding
the CAI-PIT comparison. In addition, failure r-te was significantly less (2% ) in the CAI condition.
than in the PIT condition (14.9%).

Unlike Medieal Laboratory course time-to-completion data. the greatest difference in time to
'completion between CAI and PIT occurred at the low aptitude level in the Radiology course. Low
aptitude CAI students required 17% less time than their low aptitude PIT counterparts to complete
instruction. Furthermore. CAi stuient completion time variability was considerably less (Sd =-65)
than PIT time variability' (Sd =101). Such data suggest greater group variability in time to complete
instruction is due in part to the problems of control of student time under conditions of self-paced
programmed instruction. On the other hand, CAI apparently tends to keep students task-oriented
through the structure and stimulation of interactive requirements.

To sum up the case of self-paced PIT vs. CAl, CAI is concluded to produce greater instructional

effectiveness in 17% to 18% less time than PIT for low and high aptitude students. Furthermore.
CAl was shown to produce time savings with 60% less time variability than PIT. Thus. the
interactive control of CAl may be responsible for sutaining learner attention which leads to more
rapid progress than PIT-.
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De ntalI

Though no statistic-ally significant overall achievement scare differences were obtained in the
D~ental course. aptitude- stratification reveaW- a te'ndency for CAlI students at the low aptittidec level
to achieve more (74% ) than their low aptitt:de lecture controls. UIinfort'jnately. in addition to lc-ss
than desirable D~ental course criterion reliability (r~1 .58). the sample size at the low aptitude
lecture level was small (N =7) in contrast to the loi~aptitude CAI student (N =30) sample.

Additional interpretations of the non-significant CA Ht-I cture instructional effecuivene-ss difference
findings in the D~ental cienirse may reasonably be attributed to the relative task difficulty level of the
subject matter and to theV Iearni-r characteristics differences in the-Diental course relative to the more
difficult RIadiology, andl NIedical Laboratory cou'rses. Essentially. C U as a compensatorv tool ma-, beI
mnore icistruetionally effective~ in difficult subject matter courses whit'i require task-related aptitudes
and motivation levels sufficient for processing/arwiyzirig abstract information or learning complexe
procedures. Less diffic';1t courses and/or insensitive criterion test- of lower reliability used toe
nieasure achievement differences are therefore less likely to demonstrate (Al achievement effects.
'a short, level -of task difficulty confronting the le-arner, criterion reliability, and the learner s

coaracteristics are factors of considerable importance when choosing among instructional delivery-
alternatives..

Time savings differences between CAI and lecture in the D~ental c-ourse were found to be 210"t, at
the high aptitude level iond 1.5'. at the mid-aptitude (Al levels. Thus. in the case of (AlI vs. lecture
in the most difficult ('1edical Laboratory) and least difficult (D~ental) courses, the follouiing
conclusions appear war.anted: (a) to obtain significant time savings (29'o to "T' ). assign CAI to
high aptitude stude'ntIs. (bi) ito increase achievement and reduce failures, assign CAI toi low a 'ptitude
students, and (c) if( (Al resource-s permit, assign (Al rather than lveture to high aptitude students in
difficult courses comparable it) the, NI edical Laboratory course to obtain increased ltime savings and
instructional effectiveness.

Decis ion Strutcgies

D~ecision strategies for c.ptimiizing the effectiveness oif instructional alterniatives require aniah~si% of
(a) course-s-pecific propert ies. (bi) task-related I learne'r characteristics. (0' studIent flow. (d1)
instructional iltertiative cost c-omplarisons. andi( (I) trade-oeffs, regarding levels of instrtuctional
effect ivecness and finine-to-comcipiet e inst ruct ionc. I f lIe. t rainiung sy stem is ccciifr~onted visi ih a il inc rease-
in. personniel with low reading voc~abuilary apl'Itude. first attempt faslcires iiia% increasc in
conventionally t~aughti ereir -s. attetuded eIb anl iccrease iii tinie-to-ociiplete instru ct ion. If CA I is
cliffc'rentially assigned ifo lower aptittudec sttideits Ito inicre'ase' achieveiient and minim ize' failure. the
cost isý little' or no tinte sav ings. Conuversely. if the' goal is ite) maximnize' timie savings. basede upon data
reportede he'rein. (Al inight perofitablyl Ile assigned-c to high reading aptitudec st'uclents, w lice. jre
e'xpe'cte'd to ceen plc-tc inst ruc'tioen in 33"o' less timne. II cewvcr. opting for timie savings is conducted at
thle- cost of act increase itt the' p'ob liilii tv (of inoere failutre-s a i nd cmore' mnargincally 4- c'e achie ic- c'nci

atl thle' low er a ptitutde' Ic-vc- in the I-lc''tire miiodec. If CA I w~e'rc assigiied to all stuc, ýtts. re'gardlcess (if
ahetit tde' le-vel. avc-rage' sicicetit ac'hic'vemcent is icncre-asecd. lbut ave'rage- time- saving is recduc'ed loI
ajpproe iinia tely I3"o

Le'a nier C haiate-tris ties

Foeremiiost amonccg Ice' lc'arcier c'haractceristic's lerecicte(ic-ef ac-hie'vemcnet and1ticc-c'ecihlt
ginst ruc-Iice successfuc II ~e're- thle- ap1 t itutde' in easure-s (I)clt a Hecacdi ng % eecable a ry . Conce ea Ile Figucrces.
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type of learning, and mode of instruction, reading vocabulary emerged as the single best predictor of
both achievement and completion rate. Such information further underscores the importance of
reading vocabulary. as one factor eorntribring to successful performance. Whereas aptitude measures
were shown to be related significantly to subsequent learner performance in all three courses.
biographical measures added significar~tly to prediction. Measures of achievement aspiration. self&
concept. field independence-dependence, and learner strategy preferences for processing
information varied in magnitude among courses, and therefore, in the order of contribution to
achievement or completion time predictions. It is important to recall these biographical self-report,
pre-course measures maintained significant relationships to performance upon cross-validation.
Depending on the course. one biographical measure of m11tivation (achievemeist aspiration) yielded
significant performance relationships (r =.29 to .39) and resulted in main effect achieve'-_,[
differences ranging from 4 to 14 percent within the three courses. Hence, requiring students to set
personal achievement goals yielded systemazic and beneficial effects upon subsequent performance.

Similarly. field independent learners were found (a) to exceed the achievement of field dependent
learners in the more difficult M edical Laboratory course by 6 percentage points and (b) to require
25% less time to complete instruction than their more field dependent peers. Thus. in accordance
with theory and previous research, field independence has been shown to be related to performance
in complex tasks. Perhaps equally a- important, field independent t earners are more likely to
complete self-paced instruction faster (25% less time) than their more field dependent peers.

Another learner characteristic, self-concept, was also found significantly related to completion
time. High self concept learners completed instruction in less time (23% to 32% ) than learners with
a low self-concept. Thus, self-perception in additiont to other learner characteristics discussed herein
would appear to be important variables in deciding whether an individual should be assigned to a
self-paced progi'am. Furthermore, self-concept may be used to identify learners for instructional
strategies designed to systematically produce success, and thereby, an increase in a learner's self-
worth. Nothing is likely to increase a person's low self-concept or subsequent effort more than the
reward of success.,

Learner strategy preferences from the Delta Biographical gathered prior to the course(s) were also.
found to be significantly related to subsequent performance. Preferences, for active learning (e.g.,
paraphrasing as opposed 'o rote memorization or passive listening) resulted in greater performance
for active learning strategies. Additionally, preference for interactive learning (e.g., discussion or
'peer instruction in contrast to more passive instruction, such a. audiovisual or lecture) was found to
be related to subsequent performance differences. For example, learners in the Medical Laboratory
course who preferred active/interactive modes of learning tended to score 6 to 8 percentage points
moie than learners who preferred the potentially more passive lecture'and audiovisual instructioual

modes. Similar findings which have been reported (Dausereau et al., 1975, 1978; Deignan, 1974)
support and confirm the contribution of various lvrner strategies to subsequent performance. More
importantly, the development of learner strategy skills in learners who. use ics effective methods of
learning (Dansereau et al., 1978) would seem to bena promising cost-effective means-of increasing

proficiency if not also efficiency.

Characteristics of High Achievement-Fast CAI Leahens

Characteristics of high achievement-fast CAI learners were obtained through, discriming-I.t

analysis of high and low achievement scorers in the CAI condition of each course. Major variabli-s
found to correctly classify 85% (X210 =46.78. p : .001) of high and low CAI achievers in the
Medical Laboratory course included: (a) reading vocabulary, (b) learner strategy preferences lur
verbal paraphrasing as opposed to rote learning, (c) high as opposed to low self-concept. (d) high as
contrasted with low level of achievement aspiration, and (e) preferences for reading as opposed to
lectures. Major characteristics of CAI learners who completed instruction 25% faster (X2

10 =42.18.
p~ .001) than their slower CAI counterparts included: (a) learners with relatively high reading
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%ocabulary scores. (b) higher educational level. (c) higher memory scores. (d) more field
independence. (e) possested higher achievement aspiration, and (f) were taught by a family member.
as opposed to their teacher. to read. Within the Radiology course. CAI was instructionally more
effct:,-v in 21% less time 1 1= 4). p ;.E J1l) for CAl learners who possessed high reading
%ocabulary. high achievement aspiration. were more field independent than dependent. and
preferred verbal paraphrasing to rote memorization as a means of learning. Among these variables.
CAl learners also reported on Delta Biographical pre-course measures they felt the, had maste:ed
instruction if they could teach a peer the same subject matter: whereas the slower, lower scoring CA I
learners reported a greater reliance on lectures or audiovisual to learn.

l.earner characteristics conducive to high CAI achievement in 20% less time in the Dental course
as opposed to lower CAl achievement and slower time to completion under CAl differ only slightly
in characteristics from the "high-achieving. f-st btrners* in the Medical I. aboratory and Radiology
courses. Variables which correctly classified 88% (X21= "6.49. p e.00l) of the high and low CAI
performers included relativ.ely high reading vocabulary, preference for teaching a peer as a means of
confirming their newsly acquired knowledge. high achievement aspiration. pre-course preference for

CAI as opposed to lecture, modes. high self-concept. and eldest ordinal rank in one's immediate
family.

To summarize the characteristics of high-fast CAI achievers in the three courses, it is concluded
tht (a) relatively high reading vocabulary skills. (b) high achievement aspirations to effect such
skills, and (c) skills and attitudes underlying learner' strategy preferences are instrumental to
performance outcomes.

Thus. in addition to differentially assigning learners to alternative instru-tional delivery modes
based upon aptitude. it is suggested that motivational factors. e.g.. attitude, achievement aspiration.
and learner strategies be considered.

High-Fast v%. Low-S6w PlT Students

Characteristics. of learners for whom PIT was effective or ineffective' were obtained through
discriminant analysis of high and low achievement scores in the PIT condition. Variables found to
correctly classify 82% (X28 -27.37. p a.-_00) of the high and low PIT achievers in the Radiology
course included (a) level af achievement aspitation. (b) self-determination to succeed. (c) learner
strategy preferences for reading good examples as opposed to preferences for audiovisual or lectures
when instruction was difficult, and (d) 1,igher versus lower reading vocabulary scores. Regarding
time to completion. PIT learners w ho completed instruction in 23% less time than their slower PIT
counterparts were identified correctly 72% (X27 - 14.66. p e .04) 6f the time by (a) level of
achievement aspirati n. (b) higher as opposed to lower self-estimate of memory capability. (c) more
field independent than dependent. and (d) preference for working alone as opposed to working with

others.

Based upon the foregoing data, PIT is likely to result in successful perfbrmance for students Who
possess high levels of motivation in addition to preference for. and high aptitude- in. reading. In
identifying learners who progress faster than their peers in self-paced PIT courses similar to the
Radiology course., achievement aspiration. above average memory capabilities. independence.

preference for wurking alone and. oi coud'e. -adequate ability to read on one's own 'have been found
to constitute learner charoateristics contributing to faster, as opposed to slower, progress.

Hligh vs. Low Achievement Leeum -Stdent

Major learner characteristics obtained through discriminant enalysis which correctly ,assified
8 5% 0 -30.85. p 4! .(HI) of the high and low achievers in lecture included: (a) higher as
opposed to lower achievement aspiration. (b) higher in contrast to lower reading vocabulary. (c)
employed verhal 'paraphrAsing as opposed to rote memoustastion as a learner strategy for acquiring
knowledge, and (d) were more field, independent than dependent.
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Post Ins truc tional Atttudes

Statistically significant data fiom the Delta Post-Instructional Attitude Questionnaires were not
only important to determine the relativf degree of acceptance or resistance toward CA! and non-CA I
(lecture or PIT). but also provided some ancillary information of instruciional interest. For
example. concentration to learn under the CAl condition apfeared to require no more effort than
concentration required to learn under non-CAI conditions. Indeed, the data indicated a greater
(74% ) percentage of non.CAI students reported they had to really concentrate .o learn than did
counterpart CAl students (62% ). Fans iliarization with the instructional medium, whether CAl.
lecture, or PIT, however, was important: 63% of the CAI studentsand b1% of the non-CAI students
indicated they really enjoyed their respective medium once they had become familiarized with it.
Both CAI and non-CAl students also agreed (75% CAl, 65% non-CAD) instructional presentations
provided enough visual examples for learning. However, more CAI students (89% ) than non-CAl
students (77% ) agreed they learned best when a variety of visual examples was provided. In
addition, the ,need for more opportunities to practice what was being acquired indicated that a
smaller percentage of the CA I students (t4% ) as compared to non-CAI students (57% ) agreed that
more practice was needed. The interactive graphic capabilities of CMA for practice may account for
the magnitude of this difference. Similarly. more CAl students (77% ) than non-CAl students (31%
agreed they' did a lot more doing than passive listening during instruction.

Considering the impact of learner boredom upon attitudes toward alternative instructional media,
67% of the CAI students in contrast to 11% of the controls. disagreed with the statement that CAI
".was boring compared to lectures." Only 13% of the CAl students agreed CAI. compared to lectures,
was boring. Student perception of boredom under CAI versus PIT conditions revealed that 61% of
the CAI students and 19% of she controls agreed CAI compared to PIT was not boring. A small
percentage (10% ) of the CA[ students regarded CAI more boring than PIT. To complete the
comparative analyses among C AI.'PIT. and lecture. 57% of the CAI students in contrast to 'Only
30% of the controls regarded lectures more boring than PIT. However., 38% of the controls viewed
PIT as more boring than lectures. In summary, (Al in comparison to lectures and PIT was less likely
to be reacted to with feelings of boredom. The interactive, self-paced nature of CA I might reasonably
explain why CAl was more resistant to feelings of boredom than NIT or lecture.

It is important to note that more (AI students (72% ) than not-CAI controls (51% ) agreed they
were self-motivated by the opportunity to complete instruction a. quickly as possible. In addition.
more than twice as many (AI students agreed (38% ) than disagreed (23% ) that they perceived
themselves to successfully finish lessons faster at their, own pace with CAI than in' the classroom.
Achievement data indicated that the opportunity to complete instruction quickly did not adver•ely
impact achievement c-,ompared to counterpart controls. To.the contrary. CAI achievement was
markedly sutperior to controls in two of the tht" courses. Hence, the opprtunity tc progress at the
student's own pace under CAI conditions might be argued to facilitate achievement rather than
retard it.

Learner Medio Pifewnces

Preference among instructional media subsequent to media esposore indicated only 33% of the
CAl students in contrast to 50% of the controls agreed that listening to a lecture was. in general, a
better way to learn than reading self-paced (CAl) materials. In brief, twice as many (AI students
(50% ) preferred self-paced materials to lectures than did controls (25%).

To the extent learning tasks involved difficult material. CAI students differed markedly 'from
control student% in preferences among lecture. audiovisual. PIT and CAL. The majority (72% ý of
control students preferred lectures. whereas only 47% of the CAL students preferred lectures when
material was difficult. Within the CAI condition solely. 31% of the students preferred CAl. 10%
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audiovisual. 12% PIT. and t-7% lecture when instructional material was difficult. Similarly. 40% of
tle CAl students reported they performed better with CAI than with lecture: whereas 43% believed
lecture facilitated their performance more so than CAl. Based upon these data, students who had
experienced (lI were approximately equally divided in terms of attitudinal reactions toward CAI
and lecture. Some indication of why CAI students were divided on the question of whether CAI or
lecture helped them perform better is perhaps explained in part by student responses to the following
attitude item: 78% of the CAlI students agreed. whereas only 16% disagreed. CAl might be best used
in teaching basic knowledge and instructors subsequently used as discussion group leaders to ensure
student understanding of critical subject matter. Given this frame of reference. the majority (78%)
of students reflected a positive attitude toward CAl. However. students indicated when material was
especially difficult or integration of critical subject matter to ensure understanding was needed, the
security of having a -real live" discussion group instructor was needed.

Atimde Change

Considering that prior to assignment to CAI or non-4 A! conditons. onls 21% of the learners
expected (.AI to ie more interesting than le ture. it ia indeed noteworthy that subsequent to CAI
experience. 56% of the CAi learners reported CAI was more inte-esting than lecture. Similar
attitude change was found in the case of lecture. 56% of the learners to be later assigned to CAi
expected lecture to be more interesting than CAI: whereas, after CA I exposure. only 32% felt lecture
was more interesting than CAL. If a learner is to obtain the most from an instructional experience. an
initial positive attitude is likely to increase learner skills employment and energize perception of the
instrumentality of the situation for successful performance. Hence. it is recommended that all
students to be assigned to an unfamiliar method (e.g.. CAI) be providied with an orientation program
prior to formal instruction to assist in making the unfamiliar, familiar (Toblas. 1976). Additionally.
the simple act of setting achievement goals (achievemhe'nt aspiration) was shown in the present
investigation to be related significantly to subsequent performance.

In summary, the majority of CAI stodents perceived (AI to be more interesting, less boring, less
time-consuming. and more instructionally effective than was lecture or PIT. However. when
instructional material was especially difficult. (CA students were divided on preferences for lectures
and CAl. Accordingly. the majorit% of (Ai students agreed (AI should be employed to leach basic
knowledge aad instructors should be used to lead discussion groups to ensure student understanding
of-critical subject matter or methods. From the standpoint of student testing. however, more students
agreed (7 .% ) than disagreed ( I 1% ) -computer trsting was impartial and therefore equally fair to all
students." Hfence. though approximately half of the CAi students preferred human instructorn to
(:A I in complex subject matter areas, most of the students preferred the objectivity of the computer
in student evaluation. In addition, prior to (amiliarization with CAL. only 21% of-the learners
preferred (Al to lecture in contrast to 56% who preferred lecture to CAl. Given this initial, less than
enthusiastic attitude toward (AL. (Al students on the average performed better than their controls.
As a classic example of attitude change as a function of subsequent experience. 56% of the CAI
learners preferred (:AI to lecture. post-instructionally.

%. (MIN( L|SEIN%, A,'t) 3E:)4I1:( NtiMkDA1U,N,

From an overall nlandpoini. (AI was found to be more effective than lecture 4r PIT. CAl was
found it increasw student aehievemeh, as much ao I8 percentage points more than lecture 'ontrols.
and 7 percentage points more than programmed text controls. Noreover. CAI studenk failurp rates
"were 'onuidersbli less than programmed textl controls. Though high aptitude (:AI students
completed,inslrructio.t in .141% less ime than low aptitude CAI students. low aptitude CAI students
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achieved greater instructional effectiveness in 17% less time than low aptitude programmed text
controls. CAI time to completion was also 60% leas variable than the self-paced programmed text
completion time.

In the case of CAI vs. lecture, the following conclusions appear warranted: (a) significant time
savings (29% to 33% ) were achieved by studerts assigned to CAl. (b) low aptitude CAI students
experienced greater achievement and less failure than their low aptitude lecture controls, and (c)

student attitudes toward.CAI became more favorable at a result of CAI experience.

Major characteristics of learners for whom CAl was more instructionally effective in less time
included level of reading vocabuiary, achievement aspiration. field independence, and learner

strategy employed. Thus, performance differences in achievement and. time can be expected to vary
chiefly as a function of task-related learner characteristics, difficulty level. instructional mediun,

assigned, and course-specific properties.

Empirical evidence has substantiated the comparative instructional and time savings effectiveness

of CAI overall and at specific aptitude ;,vels. Additionally, cross-validated learner characteristics
yielded profiles found to distinguish high-fast as opposed to low-slow achievers in each course and

treatment condition. Hence, given a self-paced environment, it is possible to differentially assign

CAI to students for whom it is more effective.

Fot instructional situations similar to those in this study. it is recommended that CAl be used as a
primary medium of instruction. If CAI resources are limited. CAI should be assigned to high
aptitude students and to those students identified as marginal performers as measured by selected
preassessment measures. Such measures should include reading vocabulary, learner strategy
preferences, field independence-dependence, and achievement motivation.
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APPENDIX A: ACHIEVEMENT X AND SD BY APTITUDE, TREATMENT, AND COURSE

Comme A.pdude CAI Lee PfT.

Medical Laboratory Low X 86.9p 69.37
SD 12.48 12.21

Mid X 88.71 75.69
SD 14.55 12.02

•High X 92.07 79.88
SD 11.93 14.87

R adiology Low X 83.67 76.67
S D 8.80 ,11.90

Mid 84.05 86.50
SD 8.05 8.33

High X 88.12 78.50
SD 6.92 8.02

Dental Low X 73.39 66.35
SD 12.60 15.77

Mid X 76.59 79.32
SD 11.82 13.64

High 84.25 82.71
SD 12.87 10.50

f

j.

t



APPENDIX B: TIME TO COMPLETION A •AND SD BY APTITUDE, TREATMENT,
AND COURSE

Coune Aptiude CAI Lee PIT

Medical Laboratory Low .572.50 540
SD 244.20 0

Mid X 489.25 540
SD 205.05 0

High X 347.69 540
SD 170.06 0

Radiology Low X 262.33 315.54
SD 52.01 106.75

Mid X 250.76 237.24
SD 62.13 63.08

H igh X 1 186.85 226.80
SD 46.54 86.89

Dental Low X 496.80 54W
S) 108.00 0

Mid X 456.43 540
SD 72.12 0

High Y' 386.95 540
SD 69.77 0
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APPENDIX C: MEAN PERCENTAGE'ACHIEVEMENT AND MEAN TIME
IN MINUTES TO COMPLETE INSTRUCTION IN THREE COURSES

% Coneet 'nime ID Comple*e
AchievementScom iamauelon @!in)

Group N SD X SD

Medicai Laboratory
CAI 93 .88.94 13.51 469 220
Lecture 98 75.12 13.84 540, 0

Radiology
CAI 97 84.72 8.14 240 65,
PIT 39 81.95 10.62 271 106

Dental'
CAI 101 77.03 13.58 453 95
Lecture 52 78.07 14.01 540 0
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